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1 
This invention relates to relief valves, and 
more particularly fo silent or safety type relief 
valves .prîmarily intended ,for use în high pres- 
sure hydraulic systems. 
If ïs a general object of the present invention 
fo provide a novel and improved relief valve for 
hydraulic systems. 
More particularly if is an object of the in- 
vention to provide a relief valve of extreme rug- 
gedness and simplicity in construction and one 
having a long lire, which will be entirely silent 
under all conditions of operation and/or instal- 
lation. 
The novel features of the invention may be 
enurnerated as including a lack of chattering, 
vibration, squealing or the like resulting af least 
partially from the slow opening and slow closing 
occurring under all conditions; simple operation 
and tight closing resulting from a substantilly 
double seating or sealing egect; extreme smooth- 
ness of relief due fo a graduaI opening through 
a plurality of sUccessivly uncovered overlapping 
ports; full cushioning action in both opening 
and closing and a built-in integral dash pot 
requiring no additional parts. 
A further important ,feature of at least one 
embodiment of the invention resides in a safety 
arrangement whereby relief is effected in spire 
of a broken spring. 
Still another important feature of the inven- 
tion resides in the balanced, radial, high pressure 
inlet fo the interior of the valve stem ata posi- 
tion intermediate the seat or discharge o!oening 
and the dash pot. 
Other and further features and obJects of 
the invention wfll be more apparent fo those 
skilled in the art upon a consideration of the 
accompanying drawings and following specifi- 
cation, wherein are disclosed two exemplary em- 
bodiments of the invention, with the under- 
standing that such changes and modifications 
may be ruade therein as fall within the scope 
of the appended claires without departing from 
the spirit of the invention. 
In said drawings: 
Fig. 1 is a longitudinal central section through. 
the preïerred embodiment of a silent relief valve 
constructed in accordance with this invention; 
Fig. 2 is a fragmintary longitudinal central 
section through a second embodiment of the 
saine; and 
lig. 3 is a longitudinal central section of the 
removable valve seat element. 
Most relief valves, and particularly those asso- 
ciated with high pressure liquids such as used 
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2 
in the hydraulic operation o,f machinery, earth- 
moving equipment, hoists and the like, have a 
common fault. They chatter when open. This 
is usually noticeable as an unpleasant high- 
5 pitched noise and sometimes is the means of 
setting up vibrations in the hydraulic system 
which in rime cause leaks or premature failure 
of piping or other parts of the system. The noise 
is disagreeable, but the vibration is destructive 
10 and both should be eliminated. It has been 
round that one of the major contributing factors 
to chattering is the abruptness of opening and/or 
of closing of the conventional relief valve which 
permits inertia effects in the spring, setting up 
15 unbalance conditions resulting in rapid pulsa- 
tion of the valve plunger or ctosure member. 
Thus on rapid opening the spring is compressed 
beyond the amount which it would normally 
be moved, an inertia moment is set up which 
20 then tends fo close the valve against the flowing 
liquid. Sometimes the valve member is moved 
as OEar as the seat on this initial recoil operation 
but at other rimes oniy partakes of slight move- 
ment which becomes enhanced as rime increases 
25 until a distinct chattering results from the high 
speed hammering of the closure member on the 
seat. This eventually destroys the seat area and 
causes leakage in addition fo the diflïculties men- 
tioned above. 
3O The present invention provides for slow speed 
opening and closing which permits an inherent 
damping of the spring to reduce the mentioned 
inertia effects. At the saine rime the liquid is 
discharged in a direction ai right angles to the 
35 direction of movement of the closure member, 
thereby helping in the damping action. There 
is nothing about the present valve and ifs asso- 
ciated parts which can start the well known 
fluttering action which so offert results when 
40 high speed fluids flow over sharp edges or divide 
over the two surfaces of a plate or sheet. 
To further provide against any vibration or 
lïuttering action the valve seat element and the 
valve plunger element are simply modifled to 
45 provide a dash pot without the use of any addi- 
tional parts. The dash pot is extremety effective 
in slowing both the opening and closing actions 
of the valve without reducing the effective area 
against which the high pressure oporates fo open 
5O the valve if the pressure is excessive. 
The invention may take many forms, two of 
which bave been fllustrated in the drawings as 
the most elementary embodiments for using the 
invention for they illustrate separate housings 
55 intended ,for piping into any conventional hy- 
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3 
draulic system in a manner well known. Ob- 
viously the elements of the valve may be in- 
corporated in other parts of the hydraulic equip- 
ment as, for instance, the housing of a control 
valve or valves, the housing of a pump, the base 
of a reservoir or tank, or in connection with 
other elements desired to be protected against 
excess pressures resulting from any cause what- 
soever. 
l%eferring now fo Fig. 1 of the drawings, there 
is shown ai 9 a cast metal housing for the valve 
provided with a high pressure chamber 2 and 
a low pressure chamber 4. The high pressure 
chamber is fitted with a port 5 threaded fo 
receive a pipe from any source of high pressure 
liquid, while the low pressure or discharge cham- 
ber |4 is fitted vith a port 5 threaded fo receive 
a pipe leading fo the tank or reservoir for the 
low pressure liquid supplying the in/et fo the 
puInp. The housing 9 is generally cylindrical 
in form, with the lateral offset 5 containing the 
high pressure chamber, is provided with a cored 
or bored axial opening 29 extending the full 
length of the housing. One end of this opening 
is closed by a threaded-in plug 2. The other 
end of the housing bore is accurately sized and 
smoothly finished fo receive with a pressed fit, 
the seat member 22 ,forming a partition between 
the two chambers and comprising a cylindrical 
plug of metal whose outside is sized fo closely 
fit the walls Of the bore fo prevent longitudinal 
leakage. Two circumferential grooves 2. and 2 
n' the cylindrical surface of the seat member 
accolnmodaterespectively the set screw 25 for 
locking the seat member in position and the seal- 
ing ring 25 fo insm'e against longitudinal leakage. 
The set screw, whose end is preferably sunk be- 
neath the surface of the housing, insures against 
anY looseness of the seat due fo temperature 
changes. 
The seat member is provided with a stepped 
bore, the larger diameter 27 of which extends 
through the end facing into the chamber 4, 
where itis slightly chamfered as ai 25 to provide 
a Suitably inclined seat. The bore does not ex- 
. tend through the closed left end of the seat mem- 
ber, but the reduced diameter 25 stops an appro- 
priate distance therefrom, as shown. On the 
larger diameter side of the shoulder ai the junc- 
tion of bores 27 and 29 are a plurality of radial 
openings .9, here shown as four in number, 
spaced ninety degrees apart and each of sub- 
stantially the saine diameter as the bore 27. 
Their outer ends register with a circumferen- 
tial enlargement 32 in the housing, which s 
connected by passage 33 to high pressure cham- 
ber 2, whereby liquid has access fo the bore in 
the seat element. 
The valve plunger comprises a cylindrical stem 
35 and head .$ formed integral. The stem 35 
is of two diameters the major portion 37 having 
just an easy sliding fit in the larger bore 27 in 
the seat element. The clearance is just suffi- 
cient fo prevent sticking under any temperature 
conditions and allows for a slight amount of 
longitudinal leakage. The smaller diameter .8 
has a corresponding fit in the smaller bore 29 
in the seat element, and the smaller diameter 
of the stem extends from the left end fo just be- 
yond the radial openings .9 in the seat when the 
tapered under surface 39 in the head 36 tests 
on the seat 28 as shown. This conical or tapered 
surface 39 of the head is carried slightly inside 
of the cylindrical surface of the stem fo provide 
 the undercut 49 which insures adequate re- 
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moral of metal af this junction point and clears 
the seat for a better fit. The valve plunger stem 
is bored from the left end with a stepped bore, 
the smaller diameter portion 4 extending up 
5 into the head whfle the larger diameter portion 
42 is quite shallow and serres fo receive the 
closure plug 43, which may be welded into po- 
sition as shown af 44 fo insure fiuid tightness. 
The chamber thus formed in the valve stem is 
10 open at two spaced points through the wall there- 
of. To admit the high pressure liquid intq this 
chamber radial bores 49, preferably four in 
number, are provided as shown. These are just 
slightly less in diameter than the diameter of 
15 the chamber and may be staggered somewhat 
within the length spam]ed by the radial open- 
ings .9 in the seat, when the stem is in the closed 
position. Like sized bores 47, all in the same 
radial plane, as shown, or staggered somewhat 
20 as seen in Fig. 2, provide for exit of the liquid 
when the valve is opened. These holes are just 
beneath the junction of the head and stem. 
The valve plunger is maintained on its seat by 
a suitable helical spring 59 arranged in the low 
25 pressm'e chamber 4 and seating on the annular 
area 5 surrounding the central stud 52 on the 
head .6. The opposi end of the spring abuts 
the fiange 53 on the spring guide and centering 
means 54, which has a threaded stem 95 received 
30 in a suitable threaded bore in the plug 2. This 
stem is kerfed fo receive a screw driving device 
for adjustment. A short screw 59 provides for 
locking if in position and a cap or plug 57 is 
threaded into the end of cap 2 and gasketed 
35 like the cap fo prevent leakage. Thus the ten- 
sion of the spring may be adjusted to suit the 
desired relief pressure conditions. 
In operation the high pressure liquid in cham- 
ber 2. has access fo the interior of the valve 
40 stem af all rimes. The two diameters of the 
stem insure full access of the high pressure liquid 
fo the radial ports 49 through the stem wall at 
all positions of the stem. Even should the spring 
break and the plunger be forced fo the right until 
45 stopped by the spring guide 54, liquid can pass 
up around the small diameter of the stem and 
between if and the larger bore of the seat ele- 
ment and enter the passages 49 tobe discharged 
through 47 into the low pressure chamber. 
50 This liquid also gains access fo small chamber 
55 at the left end of the seat bore through the 
leakage clearance between 95 and 29. As the 
pressure increases beyond the setting of the 
spring the whole area of the stem is effectively 
55 acted on by the high pressure and the valve be- 
gins fo open. The dash pot action of 95 and 29 
causes a slow movement, and the lifting of the 
head 39 from the seat permits a slow seepage 
around the stem portion 7 and through the holes 
00 47 into the low pressure chamber 4. As the 
valve opens further more and more of the areas 
of the apertures 47 are uncovered as they are ex- 
posed above the seat and gradually the full ef- 
fective fiow of the valve is achieved when these 
65 openings are complete]y uncovered. The fiow 
from them is radial and divides the stream into 
four parts, serving to reduce the noise of fiow 
and to act as a cushion to prevent closing too 
rapidly. Any tendency on the part of the valve 
7O to fiutter is quickly damped out by the ef- 
fective dash pot action of the small diameter 
portion 38 of the valve stem working in the 
closed chamber 55 at the far end of the seat 
element. During the open/ng operation of the 
75 valve the small quantity of seepage around the 
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stem effected with the head clearing the seat 
but the openings 4 stfll eclipsed does net suf- 
flciently relieve the pressure beneath the stem 
so as fo offer a tendency for the valve fo snap 
closed. This eliminaC one of the first causes 
of chattering in the usual type valve. The valve 
is achieving ifs full opening requires a much 
larger movement of the plunger than in the con- 
ventional types of relief valves which steadies 
the spring action fo reduce inertia effects largely 
responsible for chattering in other types of valves. 
The loose fit between the stem and bore elimi- 
nates any chance for sticking due fo increased 
temperatures. This is permissible because the 
final sealing against leakage is effected by the 
head on the narrow seat. The dash pot action 
is achieved because of the easy sliding fit of 
in 25, which requires a slow motion of the stem 
in either direction fo permit the requisite flow 
of liquid through this narrow space into and out 
of chamber §8 fo permit lifting or seating of the 
valve. 
In Fig. 2 is shown a slight modification. Here 
the housing may be identical with that in Fig. 1 
and the seat element oniy slightly different. In 
this case this element J{} is drflled entirely 
through and ifs outer end is threaded and closed 
by a plug J{}|. The stem of the valve plunger as 
well as the bore of the seat element is of a sing]e 
diameter, as shown. The chamber  02 in the valve 
plunger is drflled from the head end so that the 
dash pot end @3 of the stem is solid, as shown. 
To prevent leakage through the head if is closed 
by a threaded plug {}4 integral with the enlarged 
stud § which forms a centering end guiding 
member for the spring. 
Since the valve stem is of uniform diameter 
there is provided an increased number of radial 
ports J{}$ through the saine fo cooperate with the 
radial openings {} in the seat element, where- 
by liquid is supplied fo the interior of the stem 
in all normal working positions of the plunger. 
Just beneath the head the radial passages 
in the stem wall are shown as arranged in eche- 
lori to insure their sequential opening as the 
plunger is lifted. 
In Fig. 3 the seat element of Fig. 2 is shown 
in detafl. This view principally illustrates the 
fact itis a single piece and is hot separated by 
the radial openings {}, which provide access to 
its bore. The seat ! is clearly shown as hav- 
ing a chamfered edge of slight width to provide 
high unit pressure resulting from the spring fo 
thus insure against leakage even after long usage. 
I claire: 
I. A silent relief valve for hydraulic systems 
comprising in combination, a housing having an 
inlet chamber and a discharge chamber; a par- 
tition separating said chambers and having a 
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deep bore open atone end to the discharge cham- 
ber and closed at the opposite end; a passage 
from the iniet chamber intersecting said bore 
remote from its ends; a plunger having a cylin- 
5 drical stem with an easy sliding fit in said bore 
throughout substantially all of the bore length, 
and a head having a conical undersurface 
adapted fo seat at the discharge end of the bore; 
a spring biasing said plunger fo seat said head, 
10 said stem having a longitudinal bore closed at 
both eds, a radial port frmn said stem bore 
through the wall thereof for continuous coopera- 
tion with said passage and a radial discharge port 
through the stem wall sufficiently below the head 
15 to remain covered by the bore wall during initial 
opening movement of the plunger head. 
2. The relief valve of claim I in which addi- 
tional radial discharge ports through tbe stem 
wall are arranged in echelon around the stem 
20 for progressive opening. 
3. The relief valve as defined in claire I in 
which the said bore and stem each have inter- 
fitting portions of two different diameters, the 
larger being adjacent said head and in which 
25 the small stem diameter extends beyond the flrst 
port and the large bore diameter extends be- 
yond said passage. 
4. A silent relief valve for hydraulic systems 
comprising in combination, a housing having an 
o iniet chamber and a discharge chamber, a re- 
movable cylindrical partition separating said 
chambers and having a first bore open to the 
discharge chamber and a lesser diameter exten- 
sion closed ai the opposite end, passages from 
35 the iniet chamber entering said flrst bore adja- 
cent the extension, a plunger having a hollow 
stem portion having an easy sliding fit in said 
bore and a closed end section having an easy 
sliding fit in said extension, a head closing the 
4o end of said stem and adapted to seat at the 
discharge end of the bore, a spring biasing said 
plunger fo seat the head, ports through the 
stem extension wall cooperating with said pas- 
sages and ports through said stem wall just be- 
45 low said head. 
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